Obesity is an important health problem caused by positive energy balance. Generally, low calorie dietary intake combined with regular exercise is the most common modality to lose bodily fat in obese people. Although this is the first modality of choice for obesity treatment, it needs to be applied to obese patients for at least 12 weeks or more and it does not provide consistent results because it is difficult to suppress increased appetite due to exercise. Recently, many researchers have been applying hypoxic conditions for the treatment of obesity, as many studies show that people residing in high altitudes have a lower percentage of body fat and fewer obesity-related illnesses than people living at sea level. Hypoxic therapy treatment, including hypoxic exposure or hypoxic exercise training, is recommended as a way to treat and prevent obesity by suppression of appetite, increasing basal metabolic rate and fat oxidation, and minimizing side effects. Hypoxic therapy inhibits energy intake and appetite-related hormones, and enhances various cardiovascular and metabolic function parameters. These observations indicate that hypoxic therapy is a new treatment modality for inducing fat reduction and promoting metabolic and cardiovascular health, which may be an important and necessary strategy for the treatment of obesity. As such, hypoxic therapy is now used as a general medical practice for obesity treatment in many developed countries. Therefore, hypoxic therapy could be a new, practical, and useful therapeutic modality for obesity and obesity-related comorbidities.
INTRODUCTION
Obesity is currently an important social and health problem. It is caused by a positive energy balance via greater dietary intake than energy consumption in resting, physical activity, and exercise. 1, 2 According to recent estimates from the World Health Organization, 39% of individuals aged 18 years or older ( ≥ 1.9 billion adults) er, and metabolic syndromes. 6 The combination of low calorie dietary intake and exercise is the most common modality for losing body fat in obese people. This combined intervention is the first step used in obesity treatment;
however, this method should be tested for at least 24 weeks or more, it does not inhibit increased appetite due to exercise, and the results are inconsistent with a relatively large number of positive and negative results. 7, 8 If no reduction in body weight or body fat mass is observed after more than 12 weeks of combined intervention via low calorie diet and exercise, prescribing a drug treatment (e.g., stimulators of thermogenesis, absorption/digestion blockers, and appetite suppressants) can be considered with some limitations and considerations. [9] [10] [11] However, few drugs are available for obesity treatment, and their effect is limited with benefits fading when the drugs are stopped. Since drug treatments inherently have more risks, pharmacologic therapy should be used only in patients in whom the benefit justifies the risk. 11 As a last resort, patients with morbid severe obesity associated with comorbidities and/or various surgeries (e.g., gastrectomy, gastric bypass surgery, and gastric banding surgery) may be available as therapeutic methods associated with clinically significant and relatively long-term sustained weight loss. 7, 12 However, pharmacotherapy and surgery for the treatment of obesity are not recommended except for cases of severe morbid obesity because of the various adverse health effects. 13, 14 Nowadays, many researchers are widely applying hypoxic conditions for the treatment of obesity based on the results of studies that people residing in high altitude have a lower percentage of body fat and obesity-related illness than people living at sea level.
2,15
Hypoxic therapy is a novel obesity treatment method that is used as a general medical practice in many developed countries. 7 Hypoxic therapies such as hypoxic exposure or hypoxic exercise training have been recommended as way to treat and prevent obesity by appetite suppression and minimization of side effects. 1, 16 Also, the increased oxygen delivering capacity of the blood is positively correlated with basal metabolic rate, and the enhanced oxygen transporting ability to working muscle by natural high altitude or artificial hypoxic condition contributes to improvement of fat oxidation and the reduction of body fat. [17] [18] [19] [20] Several previous studies have investigated the therapeutic benefits of exposure or exercise in various altitude or hypoxic conditions in obese patients. 1, 7, 16, 18, [21] [22] [23] [24] [25] Therefore, this review summarizes recent evidence suggesting that exposure or exercise training under hypoxic conditions might be a valuable and viable obesity therapeutic modality.
HYPOXIC CONDITION AND APPETITE
When lowlanders are exposed to a natural high-altitude environment, sustained reduction in appetite and reduced dietary intake occur. This phenomenon is called "altitude anorexia, " and is considered to be a consequence of acute altitude sickness occurring at the early stage of exposure to a high-altitude environment. [26] [27] [28] However, previous studies suggest that hypoxemia per se provokes appetite changes. 29, 30 While the underlying mechanism for the modulation of appetite changes by natural altitude or artificial hypoxic conditions is not clearly understood, the change of appetite regulating hormones induced by hypoxic conditions is attracting attention as a major factor for appetite change and reduced dietary intake. 21, 31, 32 Leptin, the most common representative hormone associated with energy expenditure and appetite, is a hormone predominantly made by adipose cells that help to regulate energy balance by inhibiting hunger and is probably associated with reduced appetite and food intake observed at natural altitude or artificial hypoxic conditions. 16 To date, various hormone and adipocytokines seem to affect appetite, dietary intake, and satiety (Table 1) . Changes in several hormones and adipokines associated with appetite such as glucagon-like peptide-1 (GLP-1) 33, 34 , ghrelin 29, 30, 35 , leptin 33, 36, 37 , pancreatic polypeptide (PP) 38 , and peptide YY (PYY) 30, 33 were demonstrated to be associated with exposure or exercise in various altitudes or hypoxic conditions.
In this regard, Wasse et al. 30 examined the effect of resting and exercising in hypoxia (simulated 4,000 m; FiO2, 0.127) on energy intake, appetite, and plasma concentrations of acylated ghrelin and PYY. They concluded that acute exposure to normobaric hypoxic conditions induced a decrease in energy intake that may be associated with a reduction in plasma acylated ghrelin levels, and exercise also reduced acylated ghrelin levels but did not seem to interfere with the reduction found in hypoxic conditions. Debevec et al. 39 evaluated whether daily moderate intensity exercise with a hypoxic condition (simulated 4,000 m; FiO2, 0.127) for 10 days changed appetite-related hormone levels and enhanced metabolic health.
Consequently, exercise training with exposure to hypoxic conditions significantly changed appetite, appetite-related hormones, and augmented metabolic outcomes. However, they reported that gut permeability and glucose uptake were unchanged via exposure to hypoxic conditions regardless of exercise. Bailey et al. In a study of obese subjects, Lippl et al. 16 examined the effect of hypobaric hypoxic conditions on body weight at high altitude (at low altitude, day 1; at the end of a 1-week stay at 2,650-m-high altitude, day 7 and day 14; 4 weeks after returning to low altitude, day 42) and they reported that significant decrease of weight, calories per day, and significant increase of basal metabolic rate and leptin concentration was found on day 14 compared to day 1. Based on these results, they concluded that obese subjects lose weight at high altitude with reduced dietary energy intake and a higher metabolic rate and plasma leptin levels rise in natural high-altitude environment despite reduced body weight.
In summary, although the mechanism of appetite suppression via hypoxic condition has not yet been elucidated, exposure and exercise training in the hypoxic condition seems to induce reduced appetite and energy intake via a decrease in ghrelin and increase in leptin, PYY, PP, and norepinephrine. However, these comprehensive summaries suggest that various results are obtained depending on specific exposure conditions within that hypoxic environment GLP-1 (↑) GLP-1 is thought promote satiety through several mechanisms, including slowing gastric emptying and enhancing insulin biosynthesis and secretion. Also, it decreases blood sugar levels in a glucose-dependent manner by enhancing the secretion of insulin. Ghrelin (↓)
The hunger hormone ghrelin is a peptide hormone produced by ghrelinergic cells in the gastrointestinal tract that functions as a neuropeptide in the central nervous system and plays an important role in regulating the distribution and rate of use of energy. Leptin (↑)
The hormone of energy expenditure leptin is a hormone predominantly made by adipose cells that helps to regulate energy balance by inhibiting hunger. Leptin is opposed by the actions of the hormone ghrelin and both hormones act on receptors in the arcuate nucleus of the hypothalamus to regulate appetite to achieve energy homeostasis.
PP (↑)
PP is a polypeptide secreted by PP cells in the endocrine pancreas predominantly in the head of the pancreas and it functions to selfregulate pancreatic secretion activities (endocrine and exocrine); it also has effects on hepatic glycogen levels and gastrointestinal secretions. PP has been shown to be reduced in conditions associated with increased food intake and elevated in anorexia nervosa. PYY (↑) PYY inhibits gastric motility and increases water and electrolyte absorption in the colon. It may also suppress pancreatic secretion and has been shown to reduce appetite. PYY works by slowing gastric emptying; hence, it increases efficiency of digestion and nutrient absorption after a meal.
↑, increased secretion response by hypoxic condition; ↓, decreased secretion response by hypoxic condition; GLP-1, glucagon-like peptide-1; PP, pancreatic polypeptide; PYY, peptide YY.
(e.g., the degree of hypoxic stimulation and exposure time, frequency, duration) or exercise training condition (e.g., exercise type, intensity, time, duration) to the hypoxic environment and difference according to characteristics. In addition, research on appetite suppression by hypoxic conditions in obese subjects is very limited and the physiological mechanisms are poorly understood overall.
Therefore, there is a need for well-designed studies on appetite, energy intake, and appetite-related hormones by exposure and exercise training in hypoxic conditions.
HYPOXIC THERAPY FOR OBESITY AND ITS APPLICATIONS
Again, one of the new alternatives to address obesity is hypoxic therapy, which was recently used as a general medical modality and is well positioned in the field of alternative medicine. 7 It is recommended that hypoxic therapy, such as hypoxic exposure or hypoxic exercise training, is a way to treat and prevent obesity (Fig. 1) . Currently, we have identified that the inhibition of several appetite-related hormones by hypoxic conditions decreases appetite and dietary energy intake, causing the loss of body weight and percentage body fat. Furthermore, the use of hypoxic conditions can increase energy expenditure and basal metabolic rate by oxygen variation in organic systems. 20, 21, 32 These findings suggest that hypoxic conditions can be used as a new modality to play a pivotal role in the treatment of obesity. In this section of the review, we focus on the therapeutic effects of hypoxic conditions and their potential applications.
Therapeutic effects of hypoxic condition exposure on obesity
The decrease in body weight and/or percentage body fat is thought to be caused by various factors; however, acute mountain sickness (AMS) is one representative cause of high altitude or hypoxic condition induced body weight loss via reduced appetite and its related reduced dietary energy intake. 16 Obesity has been reported as one of the factors causing AMS and obese subjects are more susceptible to AMS and their frequent comorbidity, the prevalence of AMS in obese subjects, is reported to be three times higher than that in people with normal body mass index (BMI). 21 Also, obese people have a higher frequency of pulmonary hypertension than normal body weight subjects. 41 Hence, the hypoxic condition appears to be a double-edged sword with both positive and negative aspects. Hypoxic therapy applied using appropriate methods is considered to be a potential therapeutic modality in the treatment of metabolic and cardiovascular diseases caused by obesity. Urdampilleta et al. 7 and Verges et al. 42 summarized the compensatory mechanisms and responses to hypoxic conditions as shown in Table 2 .
In general, hypoxic exposure, one of the modalities of hypoxic therapy, is a passive exposure to the hypoxic condition lasting from a few minutes to hours that is repeated daily over several days.
7,21
Hypoxic exposure modality is mainly used by various intermittent hypoxic exposure (IHE) methods, which are interspersed with exposure to normoxic conditions or moderate hypoxic condition levels. Intermittent exposure to hypoxic conditions for 1 week is practically beneficial in weight loss. 16, 43 The exposure to actual high alti- tude and artificial hypoxic condition probably influences the loss of body weight via several appetite-related gut hormones and adipocytokines, energy substrate utilizing change, higher energy metabolic rate, reduced perception of hunger feeling together with reduced dietary food intake and various endocrine factors. 16 Also, exposure to hypoxic conditions has been reported to be associated with greater weight loss in subjects with a higher BMI. 43 Hypoxic inducible factor-1 expression changes by hypoxic condition changes helps to regulate mitochondrial function. 44 Therefore, it is considered that the hypoxic exposure modality is a useful therapeutic method for obese subjects.
Until now, few studies have investigated the therapeutic effects of hypoxic condition exposure on obese subjects. In diet-induced obese mice models, Ling et al. 45 reported that hypoxic exposure of the IHE method was shown that it compared with normoxic conditions in that IHE reduces body weight by enhancing liver leptin expression and increasing plasma leptin level, and the IHE method also increases plasma erythropoietin and insulin level and decreases plasma cholesterol and glucose level and thereby may effectively prevent obesity induced fatty liver disease. For healthy males, Brooks et al. 46 reported that adaptation to the 4,000-m-high altitude by the IHE method was found to decrease blood glucose, induce higher glucose turnover, and result in enhanced insulin sensitivity at rest and during exercise. Mackenzie et al. 47 concluded that acute exposure to hypoxic conditions can be attributed to enhanced short-term glycemic control via hypoxia-induced glucose tolerance improvement after 4 hours of hypoxic exposure that may be due to improved peripheral insulin sensitivity in patients with type 2 diabetes mellitus. Kelly et al. 48 investigated the influence of acute hypoxia induced by natural high altitude on hormone and metabolism response to ingested glucose in young and healthy subjects and they concluded that acute exposure to high-altitude environments seems to increase glucose utilization as an energy source and results in a rapid metabolic response with associated hormonal changes. In a study of obese people, Lippl et al. 16 reported a decrease in body weight and diastolic blood pressure and an increase in basal metabolic rate and leptin levels after 4 weeks of exposure to 2,650 m for 1 week in obese subjects, but there was no control group in this study. They concluded that the physiological mechanism for this is still unclear, but hypobaric hypoxic condition appears to play an important role.
In summary, there are very few studies focusing on the therapeutic effects of exposure to hypoxic conditions on obese subjects. The hypoxic exposure modality seems to be effective for obese subjects with reduced body weight via increased basal metabolic rate, insulin sensitivity, and leptin levels.
Therapeutic effects of exercise training in hypoxic condition on obesity
Combining hypoxia and exercise such as trekking at altitude or intermittent hypoxic training (IHT) using artificial equipment might be of therapeutic use for obese subjects. The IHT method, the living low and training high approach, commonly involves shorter hypoxic exposures such as approximately two to five sessions of < 3 hours per week over a 4 to 12 week time period. 1, 8, 18 Especially, the IHT method is one of the most effective nonpharmacologic therapies that activates the natural immune action of the Improves respiratory function HIF-1, hypoxic inducible factor-1; VEGF, vascular endothelial growth factor; GLUT-4, glucose transporter-4; Hg, hemoglobin; O2, oxygen; CO, carbon monoxide; CO2, carbon dioxide production; SaO2, arterial O2 saturation.
body itself by repeatedly performing exercise training in an intermittent hypoxic environment and it is the most used hypoxic therapy for obesity treatment and health promotion. 49 However, hypoxia appears to increase obesity-related health risk factors due to susceptibility to AMS and their frequent comorbidities. Hence, hypoxic conditions appear to be a double-edged sword with both positive and negative aspects. In other words, with optimal doses, hypoxic therapy might become a potential new obesity treatment strategy. Future investigation should verify whether exposure and exercise to hypoxic conditions could be a new therapeutic modality for obesity and obesity-related comorbidities and elucidate the underlying mechanisms and signaling pathways.
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